Abstract. This paper presents the results of an experimental study of the high-energy materials combustion at subatmospheric pressures. Systems containing powders of micron-sized aluminum, ultrafine aluminum, boron and their mechanical mixtures were investigated. Effect of the replacement of aluminum by aluminum-boron mixtures in propellant systems on the burning rate law was determined.
1.Introduction
One of main component of high-energy materials (HEMs) is a metal fuel. The traditional metal fuel is aluminum, whose influence on the HEMs burning rate was studied in a wide range of pressures in various active media for powders of different dispersion [1] [2] [3] .
This work presents the results of thermodynamic calculation, the characteristics of the products of combustion of high-energy materials containing a mixture of aluminum-boron, and the results of measurements of the burning rate of compositions in subatmospheric pressure. In the experiment ranged various binder dispersity of aluminum powder and composition of the metal fuel.
We studied HEMs compositions based on ammonium perchlorate (AP) and organic fuel (SKDM-80), containing 15 wt % metal powders (micron-size aluminum ASD-4, ultrafine aluminum Alex, boron and their mechanical mixtures). Table 1 shows the density ρ, dispersity, enthalpy of formation ΔH and the equivalent formulas HEMs components [4] . Characteristics of studied HEMs compositions are presented in the table 2. The oxidizer excess coeƥcient for these compositions was α=0.5. The program "Astra-4" does not allow to estimate the influence of dispersion of the starting components for thermodynamic characteristics, therefore, the compositions of 1,3 and 2,4 will be described by a single value. The introduction of boron into the metal fuel, ceteris paribus, lead to a slight increase of specific impulse HEM while reducing the content of condensed substances and hydrogen chloride in the combustion products.
Experimental technique
Investigated model HEMs compositions comprising ammonium perchlorate, inert combustible binder on the basis of rubber SKDM-80 and mixed metal fuel, constituting a mixture of powders of aluminum and boron of not more than 15 wt %.
The samples were formed by the method mechanical mixing of loose components HEM of fuel-binder. Fuel mass was pressed in a form. The prepared samples were of cylindrical shape with a diameter of 10 mm and a height of 30 mm. The samples were cured at room temperature for 24 h, and the samples were sorted out based on mechanical integrity criteria and on density values. In the study we used samples with a spread in density not exceeding 0.02 g/cm 3 . Model fuel compositions differed dispersion of aluminum and composition of metal fuel, other components and their ratio were the same. To investigate the influence of dispersion of aluminum powder on the characteristics of the considered HEMs compositions used the micron-size powder ASD-4 and ultrafine powder Alex.
Scheme of the experimental apparatus for studying the combustion process in the pressure range 0.01-0.10 MPa is shown in Fig. 1 . The study was performed under the vacuum shell, the ignition of the sample was ignited by an electric blasting cap. In order to analyze burning rate HEMs used a power law:
where u -burning rate; 1 u -burning rate at atmospheric pressure; Ě tm ÿ -atmospheric pressure; ÿ -pressure in burning chamber; ν -is the exponent in the power-law burning rate
4.Analysis of results
In table 5 shows experimental data on the burning rate HEMs in the pressure range 0.03-0.1 MPa, averaged over three duplicate experiments. It should be noted that at pressures below 0.03 MPa stable combustion of the samples was observed. These compositions HEMs is not able to maintain an independent burning at subatmospheric pressures.
Along with the change in burning rate varies and the exponent in the power-law burning rate. The burning rate HEM containing metal aluminum fuel ASD-4 is more dependent on pressure than similar compositions containing Alex.
In Fig. 2 gives curves of the eƥciency K(S) for the complete replacement of aluminum ASD-4 on Alex (K 1 ), the use of mixed metal fuel ASD-4/B (K 2 ), and Alex/B (Ʉ 3 ).
The eƥciency of the use of metal fuels was estimated by the formula: It should be noted that regardless of the composition of the modified metal fuel, efficiency of its influence on the burning rate of the studied compounds increases with decreasing subatmospheric pressure.
The greatest influence on the burning rate HEMs has a complete replacement of ASD-4 on Alex (K 1 )
The introduction of boron in the composition of the mixed metal fuel has a significant impact on the burning rate HEM using the ASD-4 (K 2 ).
The burning rate HEMs containing metal fuel Alex/B, does not differ from HEM containing Alex. Increase the burning rate within the whole studied range of pressures does not exceed 10 % (K 3 ).
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